The tyrosine kinase inhibitor TAS-115 that blocks VEGF receptor and hepatocyte growth factor receptor MET signaling exhibits antitumor properties in xenografts of human gastric carcinoma. In this study, we have evaluated the efficacy of TAS-115 in preventing prostate cancer metastasis to the bone and bone destruction using the PC3 cell line. When PC3 cells were injected into proximal tibiae in nude mouse, severe trabecular and cortical bone destruction and subsequent tumor growths were detected. Oral administration of TAS-115 almost completely inhibited both PC3-induced bone loss and PC3 cell proliferation by suppressing osteoclastic bone resorption. In an ex vivo bone organ culture, PC3 cells induced osteoclastic bone resorption when co-cultured with calvarial bone, but TAS-115 effectively suppressed the PC3-induced bone destruction. We found that macrophage colony-stimulating factor-dependent macrophage differentiation and subsequent receptor activator of NF-B ligand-induced osteoclast formation were largely suppressed by adding TAS-115. The phosphorylation of the macrophage colony-stimulating factor receptor FMS and osteoclast related kinases such as ERK and Akt were also suppressed by the presence of TAS-115. Gene expression profiling showed that FMS expression was only seen in macrophage and in the osteoclast cell lineage. Our study indicates that tyrosine kinase signaling in host pre-osteoclasts/osteoclasts is critical for bone destruction induced by tumor cells and that targeting of MET/VEGF receptor/FMS activity makes it a promising therapeutic candidate for the treatment of prostate cancer patients with bone metastasis.
The tyrosine kinase inhibitor TAS-115 that blocks VEGF receptor and hepatocyte growth factor receptor MET signaling exhibits antitumor properties in xenografts of human gastric carcinoma. In this study, we have evaluated the efficacy of TAS-115 in preventing prostate cancer metastasis to the bone and bone destruction using the PC3 cell line. When PC3 cells were injected into proximal tibiae in nude mouse, severe trabecular and cortical bone destruction and subsequent tumor growths were detected. Oral administration of TAS-115 almost completely inhibited both PC3-induced bone loss and PC3 cell proliferation by suppressing osteoclastic bone resorption. In an ex vivo bone organ culture, PC3 cells induced osteoclastic bone resorption when co-cultured with calvarial bone, but TAS-115 effectively suppressed the PC3-induced bone destruction. We found that macrophage colony-stimulating factor-dependent macrophage differentiation and subsequent receptor activator of NF-B ligand-induced osteoclast formation were largely suppressed by adding TAS-115. The phosphorylation of the macrophage colony-stimulating factor receptor FMS and osteoclast related kinases such as ERK and Akt were also suppressed by the presence of TAS-115. Gene expression profiling showed that FMS expression was only seen in macrophage and in the osteoclast cell lineage. Our study indicates that tyrosine kinase signaling in host pre-osteoclasts/osteoclasts is critical for bone destruction induced by tumor cells and that targeting of MET/VEGF receptor/FMS activity makes it a promising therapeutic candidate for the treatment of prostate cancer patients with bone metastasis.
VEGF signaling through the tyrosine kinase receptor VEGF receptor (VEGFR) 3 is a pivotal factor for tumor angiogenesis that regulates tumor progression. However, VEGFR-targeted inhibitor monotherapies showed limited effects on various carcinomas, and even combination therapies with chemotherapeutic agents are unsatisfactory (1, 2) . The tyrosine kinase MET is a receptor for hepatocyte growth factor (HGF), and HGF-MET signaling is also involved in tumor progression, metastasis, angiogenesis, and resistance to chemotherapy in various cancers, indicating that MET kinase inhibitors could have major therapeutic potential. Inhibition of both VEGFR and MET signaling pathways has been reported to suppress tumor growth and angiogenesis synergistically (3), suggesting the possibility that the dual inhibition of VEGFR and MET signals may have potential effects on the prevention of tumor growth. Recently, Fujita et al. (4) developed a novel VEGFR/MET-targeted tyrosine kinase inhibitor, TAS-115, and showed its antitumor properties in MET-amplified human cancer-bearing mice. In this study, we have investigated the effect of TAS-115 on prostate cancer cell metastasis to bone and a process associated with osteoclast activation.
Bone remodeling is regulated by osteoclastic bone resorption and new bone formation. Osteoclasts, which are the primary bone-resorbing cells, are differentiated from macrophages by a mechanism involving the receptor activator of NF-B ligand (RANKL) that is expressed on the cell surface of osteoblasts (5, 6) . Bone-resorbing factors such as IL-1 act on osteoblasts and induce the expression of RANKL on the cell surface (7, 8) . RANKL recognizes RANK, a receptor for RANKL, which is expressed on osteoclast precursors, to induce the differentiation into mature osteoclasts (9) . In addition to the differentiation of osteoclasts, the survival of mature osteoclasts and osteoclastic bone resorption are dependent on RANKL, and the lack of RANKL induces the apoptosis of mature osteoclasts (10) . Like macrophages, pre-osteoclasts and osteoclasts express FMS (c-fms), a receptor for macrophage colony stimulating factor (M-CSF), and M-CSF is essential for the survival and the differentiation of pre-osteoclasts into osteoclast (11) .
Prostate cancer has the second highest incidence in men worldwide and is known to frequently induce bone metastasis, accompanied by increased bone resorption and/or sclerotic irregular bone formation in patients with advanced prostate cancer exhibiting chronic pain and pathological fractures (12, 13) . Because osteoclastic bone resorption contributes to severe osteolysis during the development of bone metastasis in prostate cancer (14) , bisphosphonates such as zoledronic acid have been used for the treatment of bone metastasis in patients with prostate cancer (15) , but the outcome of the treatment is still unsatisfactory.
Regarding the possible effects of tyrosine kinase inhibitors in prostate cancer, Dai et al. (16) have reported that cabozantinib, a multityrosine kinase inhibitor with activity against MET and VEGFR, inhibited progression of prostate cancer growth in vivo. They suggested the possible effectiveness of cabozantinib in both soft tissues and bone sites, but the modulation of bone remodeling by the kinase inhibitor has not been studied. In our previous studies using mouse malignant melanoma B16 and human breast cancer MDA231, we have shown that cell-cell interactions between cancer cells and host osteoblasts could induce RANKL expression in osteoblasts and elicit osteoclastic differentiation and severe bone destruction in the metastatic sites (17, 18) . We therefore decided to examine the effects of MET/VEGFR kinase inhibitors on host cells such as osteoblasts and osteoclasts to define the possible role of these kinases in the bone phenotype associated with prostate cancer. For this purpose we used TAS-115, which inhibits both MET and VEGFR, and examined its effects on PC3-induced bone resorption by directly injecting PC3 cells into the proximal medulla of tibiae in nude mouse and by the co-culturing of calvarial bone with PC3 cells in vitro. We report here that oral administration of TAS-115 restored bone destruction induced by PC3 mainly by inhibiting the FMS-dependent and RANKL-induced differentiation of pre-osteoclasts into mature osteoclasts.
Results

In Vivo Effect of TAS-115 on the Bone Destruction Induced by
Prostate Cancer PC3 Cells-The invasion of prostate cancer cells into bone tissues induces bone destruction by increased bone resorption in the tumor microenvironment. We first investigated the effects of TAS-115, an inhibitor of VEGFR and MET kinases, on the bone destruction induced by PC3 cells in vivo. For this series of experiments, we injected PC3 cells into proximal medulla of tibiae in nude mouse with or without oral administration of TAS-115, and bone destruction was measured by micro-CT analysis. As shown in Fig. 1A , severe destruction was detected as holes in the surface of cortical bone in the tibiae by 18 days after injection of PC3 cells ( Fig. 1A , middle panels, white arrows). In the horizontal section and vertical section, the loss of trabecular bone and destruction holes were detected in the proximal area of tibiae in nude mice injected with PC3 cells (Fig. 1, B and C, middle panels, white arrows). Oral administration of TAS-115 almost completely restored the PC3-induced bone loss in both cortical bone and trabecular bone of tibiae in nude mice ( Fig. 1 , A-C, right panels). The treatment with TAS-115 for 18 days did not affect body weight in the mice in all experimental groups (data not shown). To confirm the effects of TAS-115 in bone loss, we measured bone mineral density (BMD) by DEXA using respective tibia of the mice. The BMD of the mouse tibiae was FIGURE 1. The effect of TAS-115 on the bone resorption in PC3 intra-tibia xenograft model. Nude mice were injected with or without PC3 cells into the right tibia, and then TAS-115 was administrated orally for 18 days. A-C, the tibiae were collected from nude mice, and the three-dimensional images of the tibiae were obtained by micro-CT. Scale bars, 2 mm (A and B) and 0.5 mm (C). D, BMD of tibiae was evaluated by DEXA. The data are expressed as the means Ϯ S.E. of control (n ϭ 5), vehicle (n ϭ 5), or TAS-115 (n ϭ 6) mice. A significant difference between the two groups is indicated by a asterisks (*, p Ͻ 0.05).
decreased in mice injected with PC3, and the decreased bone mass was completely restored by oral administration of TAS-115 ( Fig. 1D ).
For histological analysis, we prepared the section of tibiae, and stained for tartrate-resistant acid phosphatase (TRAP) to detect osteoclasts. In tibiae injected with PC3, the tumor burden was detected in the area of bone marrow and trabecular bone in the proximal region ( Fig. 2A, middle panel) , and a large number of active osteoclasts were detected in bone surrounding PC3 tumor (Fig. 2B , upper and lower left panels, black arrows). In mice treated with TAS-115, considerably smaller tumors could be detected in the proximal area, TRAP-positive osteoclasts had shrunk to the shape of cells in vehicle mice, and the trabecular bone architecture was normal ( Fig. 2, A and B , upper and lower right panels, black arrows). These results indicate that TAS-115 suppressed both the bone destruction induced by PC3 and the tumor progression in bone tissues.
Effects of TAS-115 on Osteoclastogenesis Induced by Prostate
Cancer Cells-The key cellular event required for bone destruction is the formation of osteoclasts. To test the effect of TAS-115 on osteoclastogenesis, we set up an ex vivo organ cultures, where calvariae were co-cultured with PC3 cells. Numerous TRAP-positive osteoclasts were observed in this co-culture system ( . When bone resorbing activity was monitored by measuring the calcium level in the culture media, we confirmed that PC3 cells induced bone resorbing activity and that TAS-115 dose-dependently suppressed the activity (Fig. 3B ). The mRNA expression of osteoclast markers, such as cathepsin K, TRAP, FMS, and RANK, was greatly elevated in calvariae in the presence of PC3 cells and was clearly suppressed by adding TAS-115 ( Fig. 3C ). In control cultures without PC3, TAS-115 did not affect the bone resorbing activity (data not shown).
M-CSF-dependent Macrophage Differentiation and Osteoclast Formation Are Suppressed by TAS-115-To identify target cells for TAS-115 in the prostate cancer-induced osteoclast differentiation and bone resorption, we used cultures of bone marrow macrophages, which could differentiate into mature osteoclasts by treatment with M-CSF and soluble RANKL (sRANKL). Pre-osteoclasts have been reported as adherent cells after treatment with M-CSF (19) . When mouse bone marrow cells were cultured for 5 days in the presence of M-CSF, most cells with strong adherence to the dish surface were positive with a mouse macrophage marker F4/80 ( Fig. 4A ). In these cultures, the addition of TAS-115 completely suppressed the M-CSF-dependent macrophage differentiation (Fig. 4A ). After 5 days of culture with M-CSF, the addition of sRANKL for the following 5 days induced the differentiation into mature osteoclasts in the presence of M-CSF ( Fig. 4B ). Adding TAS-115 completely suppressed the osteoclast differentiation from bone marrow macrophages to pre-osteoclasts in the presence of sRANKL and M-CSF ( Fig. 4B ). Therefore, bone marrow macrophages and pre-osteoclasts were potential target cells for TAS-115, and the effects on bone resorption appears to be elicited by the suppressive effects on the M-CSF-dependent differentiation from osteoclast precursors into mature osteoclasts.
M-CSF-induced Phosphorylation of FMS, AKT, and ERK in Osteoclasts Is Inhibited by TAS-115-Using mouse osteoclasts differentiated from bone marrow macrophages (19) , we examined the M-CSF-induced phosphorylation of FMS and its related signal molecules of AKT and ERK. In Western blot analysis, the phosphorylation of FMS detected by antibody against pFMS was greatly elevated by adding M-CSF to osteoclasts, and the expression was dose-dependently suppressed by TAS-115 ( Fig. 5 ). The levels of AKT and ERK phosphorylation were also elevated by M-CSF and suppressed by TAS-115, suggesting that the tyrosine kinase FMS may influence the subsequent signaling pathway involving AKT and ERK. FMS signaling may be a critical target for TAS-115 in the regulation of the M-CSF-dependent differentiation and survival of pre-osteoclasts and osteoclasts.
RT-PCR analysis of mouse primary osteoblasts, bone marrow-derived macrophages, osteoclasts, and PC3 cells indicated that bone marrow macrophages cultured with M-CSF expressed HGF, MET, VEGF-A, VEGFR2, M-CSF, and FMS mRNAs, and the expression of VEGF-A mRNA was elevated in osteoclasts induced by adding sRANKL to macrophages (Fig.  6 ). In PC3 cells, we detected the mRNA expression of HGF, MET, VEGF-A, VEGFR2, RANK, and M-CSF, suggesting that VEGFR and MET signals may regulate growth and cell function in prostate cancer cells PC3 (Fig. 6 ). FMS expression was only seen in macrophage and osteoclast lineage of the cells, supporting the notion that the M-CSF/FMS signaling is essential for macrophage/osteoclast differentiation.
To examine the direct effects of TAS-115 on the proliferation of PC3 cells, PC3 cells were treated with TAS-115 in the cul- 3, 1, and 3 M) . The data are expressed as the means Ϯ S.E. of four independent wells. A significant difference between the two groups is indicated by asterisks (*, p Ͻ 0.01; **, p Ͻ 0.001). C, the mRNA expression of mouse TRAP, cathepsin K, FMS, and RANK were detected by qPCR in the calvarial cultures. The data are expressed as the means Ϯ S.E. of three independent wells. A significant difference between the two groups is indicated by asterisks (*, p Ͻ 0.01; **, p Ͻ 0.001). Cont., control. TAS, TAS-115.
tures. TAS-115 significantly suppressed the cell growth of PC3 in vitro (Fig. 7A ).
Discussion
In the present study, we have shown that oral administration of the tyrosine kinase inhibitor TAS-115 exhibits profound anti-tumor activity in vivo using a bone metastasis model of human prostate cancer cells PC3 in nude mice. Bone destruction with increased osteoclastic bone resorption was abolished, and the PC3 tumor volume in the bone was dramatically suppressed by TAS-115 treatment. Previous studies have shown After the culture, the adherent cells were stained with a macrophage marker F4/80 using anti-F4/80 antibody in immunostaining. The number of cells adhered to dish surface was counted as pre-osteoclasts. The data are expressed as the means Ϯ S.E. of four independent wells. A significant difference between the two groups is indicated by asterisks (*, p Ͻ 0.01; **, p Ͻ 0.001). Scale bar, 250 m. B, bone marrow cells were cultured for 5 days with M-CSF to generate macrophages and then treated with or without TAS-115 (0.3, 1, and 3 M) and then treated M-CSF and sRANKL (100 ng/ml) for 5 days. After the culture, the cells adhering to the well surface were stained for TRAP. The number of TRAPpositive cells was counted. The data are expressed as the means Ϯ S.E. of four independent wells. A significant difference between the two groups is indicated by asterisks (*, p Ͻ 0.001). Scale bar, 250 m. Cont., control. TAS, TAS-115. that TAS-115 is an efficient MET/VEGFR inhibitor (4) . Indeed, TAS-115 acted directly on PC3 cells and partly suppressed the cell growth in vitro (Fig. 7A ). Analysis of mRNA expression patterns in in vitro cell culture showed that PC3 cells expressed HGF, MET, VEGF-A, VEGFR2, RANK, and M-CSF, suggesting that VEGFR2 and MET signaling may regulate their growth and function. The expression of RANKL mRNA was not detected in PC3 cells (Fig. 6 ). Although osteoblasts also express HGF, MET, and VEGF-A at low levels (Fig. 6) , the role of VEGFR/MET signaling in osteoblasts is not clear. Nonetheless, TAS-115 did not influence the expression of the osteoclast differentiation factor, RANKL by osteoblasts (data not shown).
Because tumor progression in bone is closely related to the bone resorption induced by cancer cells in the tumor microenvironment, we hypothesized that the suppression of osteoclastogenesis by the abrogation of tyrosine kinase activity of growth factor receptor is likely to be a key mechanism for the action of TAS-115 in prostate cancer growth in bone tissues. Almost complete TAS-115-mediated suppression of TRAP staining both in the in vivo model and in calvariae cultured with PC3 cells described here supports this concept. Further, bone mar-row macrophages and osteoclasts differentiated from bone marrow cells in vitro were found to express mRNAs for MET and VEGFR2, as well as FMS. TAS-115 treatment of macrophages in culture suppressed the phosphorylation of FMS as well as downstream kinases. M-CSF is essential for the growth, differentiation, and survival of monocyte macrophages, preosteoclasts, and osteoclasts. From these results, we conclude that TAS-115 acts on osteoclast precursors by suppressing the FMS-dependent signaling. Fig. 7B shows a scheme covering all the potential levels of TAS-115 function in the abrogation of the development of bone metastases by prostate cancer cells. All macrophages, pre-osteoclasts, osteoclasts, osteoblasts, and PC3 cells produce the growth factors (HGF, VEGF, and M-CSF). TAS-115 suppresses FMS-dependent signal in pre-osteoclasts and osteoclasts by inhibiting the phosphorylation of FMS. Several targets for TAS-115 were identified in a ProfilerPro kinase screen (4) . However, it is well known that null mutation of FMS induces osteopetrosis because of the lack of osteoclast in op/op mice (20) . We therefore concluded that FMS is a crucial target for TAS-115 as tyrosine kinase inhibitor, which suppresses osteoclast differentiation medi- ated by PC3 in bone. TAS-115 also acts on tumor cells PC3 and suppresses cell growth. Previous studies have shown that PC3 produces parathyroid hormone-related peptides (21) and that it is involved in cell migration of PC3 in vitro (22) , but the roles of parathyroid hormone-related peptides in the growth and bone metastasis of PC3 in vivo are not known. The action of TAS-115 may be elicited by the suppression of FMS-regulated osteoclastogenesis and MET/VEGFR-dependent cancer cell proliferation in tumor microenvironments of bone tissues.
In osteoclastogenesis, RANK signaling in osteoclast precursors results in the recruitment of TRAF6, which activates NF-B, and induces an AP-1 component c-Fos, which contributes to the nuclear translocation of NFATc1, the master transcription factor for osteoclast differentiation (23, 24) . TRAF6 also activates calcium signaling, which may be essential for the auto-amplification and activation of NFATc1 in pre-osteoclasts (25) . On the other hand, M-CSF/FMS signal activates tyrosine kinases involving MAP kinase cascade (26) . The relationship between the RANK signal and the FMS signaling pathway is not clear. Arai et al. (27) have reported that M-CSF upregulates RANK expression in macrophages, indicating a possible interaction between TRAF6 and FMS. Further studies are needed to define the relationship between TRAF6 and FMS signaling in pre-osteoclasts and osteoclasts.
Targeting the receptor tyrosine kinase signaling pathways is one of the strategies for the new drug development for cancer. Sulpice et al. (28) have reported that VEGF and HGF cooperatively activate intracellular signaling involving MAPK in endothelial cells and promote neovascularization. In cancer cells, HGF and MET signaling elicit the activation of AKT, MAPK, and RAP1, which are essential for cell cycle progression and cytoskeletal changes (29) . For the inhibition of HGF/MET activation in cancer patients, various MET antagonist and MET kinase inhibitors are now in clinical trials (29) , but the effects of these agents on bone metastasis are not known. It was reported that treatment with TAS-115 gives relatively selective inhibition of VEGFR and MET with marked anti-tumor activity and low toxicity in in vivo model of tumor progression (4) . The current study shows that the additional inhibition of the tyrosine kinase FMS by TAS-115 has profound effects on prostate cancer-driven osteoclastogenesis, and its proliferation extends the capability of this agent to act as a powerful antidote to the devastating effects of metastatic spread to bone.
Experimental Procedures
Animals, Cells, and Reagents-BALB/c nu/nu nude mice, and newborn ddy mice were obtained from Japan SLC Inc. (Shizuoka, Japan). All procedures were performed in accordance with institutional guidelines for animal research at the Tokyo University of Agriculture and Technology. PC3, a human prostate cancer cell line, was obtained from American Type Culture Collection, and we isolated a clone which consistently underwent a high frequency of bone metastasis. PC3 cells were cultured in RPMI 1640 medium with 10% FBS at 37°C under 5% CO 2 in air. TAS-115, a VEGFR/ MET-targeted kinase inhibitor, was prepared by Taiho Pharmaceutical Co., Ltd. (Tokyo Japan) as reported previously (4) .
Culture of Primary Osteoblastic Cells-Primary osteoblastic cells were isolated from 2-day-old mouse calvariae, as described previously (30) . Osteoblastic cells were cultured in ␣-modified minimum essential medium with 10% FBS at 37°C under 5% CO 2 in air.
Differentiation of Bone Marrow Macrophages into Pre-osteoclasts and Osteoclasts-Bone marrow cells (3 ϫ 10 6 cells) were isolated from 6-week-old mouse tibiae, cultured for 5 days with M-CSF (100 ng/ml) to generate macrophages, and cultured for another 5 days with sRANKL (100 ng/ml) to induce differentiation into osteoclasts, as reported (19, 31) . After 10 days of culture, the TRAP-positive multinucleated cells containing three or more nuclei/cell were counted as osteoclasts. To monitor the number of pre-osteoclasts, bone marrow cells were cultured for 5 days with M-CSF. Pre-osteoclasts which strongly adhere to the dish surface were monitored by pipetting away non-adherent cells and the counting of adherent cells, as reported (19, 31) . The adherent cells were stained with a macrophage marker F4/80 using anti-F4/80 antibody (Santa Cruz Biotechnology, SC-25830) in immunostaining. To detect the antibody, HRP/AEC method was used following manufactured company's instructions (ab93686; Abcam).
Co-culture of Mouse Calvaria and PC3 Cells for Monitoring Bone Resorbing Activity-Mouse calvariae were isolated from 5-day-old mice, dissected in half, and cultured for 24 h in BGJb containing 1 mg/ml of BSA. Calvariae were co-cultured with PC3 cells with or without TAS-115 for 5 days. The bone resorbing activity was evaluated by measuring the concentration of calcium in the conditioned medium (32) . The calvariae cultured for 5 days were fixed by 70% ethanol and stained with TRAP to detect osteoclasts.
RT-PCR Analysis and Quantitative PCR-Total RNA was extracted from cultured cells, bone marrow-derived cells, PC3 cells, and calvariae cultured with or without PC3, and cDNA was synthesized from total RNA. For RT-PCR, cDNA was amplified by PCR using respective PCR primers. The PCR product was run on a 1.5% agarose gel and stained with ethidium bromide. The qPCR was performed with iQ SYBR Green Supermix (Bio-Rad). The primers for respective mouse and human genes used in RT-PCR and qPCR are shown in Table 1 .
Injection of PC3 Cells into Tibiae in Nude Mice-PC3 cells (1 ϫ 10 5 cell) were injected into the proximal medulla of the right tibiae in 6-week-old nude mice, and tibiae were collected from mice on day 18. Some of the mice were administered orally with TAS-115 (50 mg/kg of body weight/day). As a vehicle group, the mice were administered with distilled water. Control mice were injected with PBS without PC3 cells. The tibiae were used for micro-CT scanning, DEXA, and histological analysis. The tibiae were collected from nude mice and decalcified using EDTA for 14 days and embedded in paraffin, and the sections were prepared and stained by hematoxylin and eosin and TRAP to detect osteoclasts.
DEXA and Micro-CT Analysis-The BMD of the tibiae was measured by dual x-ray absorptiometry (model DCS-600R; Aloka). The bone mineral content of the femurs was closely correlated with the ash weight. The BMD was calculated by dividing the bone mineral content of the measured area by the area. CT scanning of the tibiae and calvariae was performed using a microfocus x-ray CT system (R_mCT2; Rigaku and SMX-90T; Shimadzu), and three-dimensional microstructural image data were reconstructed using the software program as reported previously (17) .
Cell Proliferation Assays-PC3 cells (1 ϫ 10 4 cells) were cultured for 3 days with or without TAS-115, and the number of cells was counted. PC3 cells (2 ϫ 10 3 cells) were cultured for 3 days with or without TAS-115, and the cell viability was measured using Cell Counting Kit 8 (Dojindo). The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay was also used to monitor cell proliferation.
Phosphorylation Analysis by Western Blotting-Osteoclasts differentiated from bone marrow macrophages were treated for 1 min with or without TAS-115 and lysed in cell extraction buffer (Thermo Fisher Scientific) containing phosphatase inhibitor (PhosSTOP; Roche) and protease inhibitor (Complete in EASYPack; Roche). The cell lysates were centrifuged at 12,000 ϫ g for 10 min, and supernatants were collected. The protein concentration of the supernatant was examined by BCA assay (BCA protein assay kit; Thermo Fisher Scientific). Samples (10 g) were subjected to SDS-PAGE and transferred onto PVDF membranes. Membranes were blocked with 5% BSA in TBS-T (TBS with 0.05% Tween 20) and incubated with primary antibodies. After washing three time with TBS-T, membranes were incubated with the corresponding secondary antibody in 1% BSA in TBS-T and developed with SuperSignal West Femto (Thermo Fisher Scientific) by ChemiDoc XRSϩ (Bio-Rad). Antibodies against phospho-FMS (Tyr 723 ), phospho-Akt (Ser 473 ), phospho-ERK (Thr 202 /Tyr 204 ), and GAPDH antibody were purchased from Cell Signaling; anti-FMS antibody was from Santa Cruz.
Statistical Analysis-The data are expressed as the means Ϯ S.E. The significance of differences was analyzed using Student's t test. 
